(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
19 April 2001 (19.04.2001) 




PCT 



(10) International Publication Number 

wo 01/28161 Al 



(51) International Patent Classification^: H04L 12/413 

(21) International Application Number: PCT/USOO/27923 

(22) International Filing Date: 10 October 2000 (10.10.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
09/415,901 



8 October 1999 (08.10.1999) US 



(71) Applicant: MICROSOFT CORPORATION [US/US]; 
One Microsoft Way, Redmond, WA 98052 (US). 

(72) Inventors: VAIDYA, Nitin, H.; 3740 Marielene Circle, 
CoUege Station, TX 77845 (US). BAHL, Paramvir; 2221 
271$t Court SE, Issaquah, WA 98029 (US). 



(74) Agent: DRYJA» Michael, A.; Law Offices of Michael 
Diyja, 704 228tfa Avenue N£, PMB 694, Sammamish, WA 
98074 (US). 

(81) Designated States (national)', AE, AL, AM. AT, AU, AZ, 
BA, BB, BG, BR. BY, CA. CH. CN. CR, CU. CZ. DE. DK, 
DM, EE, ES, H, GB, GD, GE, GH, GM, HR. HU, ID, BU 
IN, IS, JP, KE, KG, KP. KR, KZ, LC, LK, LR, LS, LT, LU, 
LV. MA, MD, MG, MK. MN. MW, MX, NO, NZ, PL, FT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG. UZ. VN. YU. ZA, ZW. 

(84) Designated States (regionai): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ. TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG. KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES. Fl, FR, GB. GR, IE, 
IT, LU, MC, NL, FT, SE), OAPI patent (BF. BJ, CP. CG, 
CI, CM, GA. GN, GW, ML, MR. NE, SN, TD, TG). 

[Continued on next page] 



(54) Title: FAIR SCHEDULING IN BROADCAST ENVIRONMENTS 



RECEIVE PACKET 



RESET CLOCK 



00 



O 



TAG PACKET WITH START TAG 



404 



UPDATE CtOCK 



INTERVAL 



m^NSMTT PACKET 




4t 



(57) Abstract: Fair scheduling in broadcast environments is 
disclosed. In one embodiment, a computerized system includes 
a link through which packets are transmitted, and a pliu*ality 
of nodes. Each node transmits a packet through the link when 
counting £rom a back-off interval reaches a predetermined 
transmission time. The back-off interval for each packet is 
based on at least a start tag of the packet, ^ich is assigned to 
the packet when it airives at or within die node for transmission 
ov^ the link, such as at a controller (e.g., a medium-access 
controller, or MAC) of the node. 
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FAIR SCHEDULING IN BROADCAST ENVIRONMENTS 



TECHNICAL FIELD 

This invention relates generally to broadcast environments such as wired and wireless 
5 networks, multi-hop networks, etc., and more particularly to fair scheduling for data 
transmission within such environments. 



BACKGROUND ART 

Broadcast envirormients include environments in which information is transmitted from 
10 discrete originating points over a common medium, and include environments such as 

networking environments, which have become increasingly common. Networking means that 
two or more computers or computerized devices, referred to generically as nodes, are 
communicatively coupled together, so that they can exchange data, typically in the form of 
packets of data. Networking includes wired local-area-networks (LAN's), in which nodes are 
15 connected physically over relatively short distances, wireless LAN's, in which nodes 

communicate wirelessly over relatively short distances, and multi-hop networks, in which nodes 
communicate with other nodes on the network, using intermediate nodes to forward their 
messages.. 

The amoimt of data that a network can handle at a given moment in time is referred to as 
20 bandwidth. For example, the commonly knovm Ethernet network generally comes in two 

different speeds: 100 megabits-per-second (mbps) and 10 megabits-per-second (mbps). This 
means that, per second, the network is able to accommodate either 100 megabits or 10 megabits 
of data. 

An issue in broadcast environments, such as the ones described above, is determining 
25 which node gets to commtmicate at a given time. Algorithms and schemes to determine which 
node gets to communicate at a given time typically also concern themselves with fairness. 
Fairness can be defined in different ways. For example, fairness can mean that each node on the 
network has a predetermined percentage of the available bandwidth on the network over a given 
duration of time, a predetermined priority relative to the other nodes on the network, or a weight 
30 to divide the available network bandwidth relative to the other nodes. In addition, fairness can 
mean that a predefined Quahty of Service (QOS) is guaranteed for one or more given nodes on 
the network. A non-restrictive example of QOS is that a given node is guaranteed to receive x 
amount of bandwidth within y amount of time after the node requests to transmit data over the 
network. 
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Other node in the network in a direct manner. Example nodes include computers, such as that 
described in the previous section of the detailed description, as well as computerized devices, 
such as cell phones, personal digital assistant (PDA) devices, etc.; the invention is not so limited. 

Referring next to FIG. 2(c), a diagram of a wireless multi-hop network is shown. The 
network 230 includes nodes 220, 222, 224, 226 and 228. The nodes communicate with one 
another in a wireless manner, such as that described in the previous paragraph in conjimction 
with the description of a wireless LAN. It is noted, however, in the network of FIG. 2(c), that 
not each node is able to communicate directly with every other node, which is the defining 
characteristic of a multi-hop network. For example, the node 222 is able to conmiunicate 
directly with nodes 220 and 224, but not with nodes 226 and 228. Rather, communication 
between the node 222 and the nodes 226 and 228 must "hop" through node 224. This may be 
because, for example in the case of wireless communication among the nodes, the node 222 has 
sufficient commxmicative range to reach nodes 220 and 224, but not nodes 226 and 228. 
Example nodes, as before, include computers, such as that described in the previous section of 
the detailed description, as well as computerized devices, such as cell phones, personal digital 
assistant (PDA) devices, etc.; the invention is not so limited. 

Referring finally to FIG. 3, a diagram of an abstraction of a broadcast environment, such 
as the broadcast environment of FIG. 2(a), or FIG. 2(b), is shown. In the example, there are 
flows 304a, 304b, . . . , 304n, which correspond to the nodes of FIG. 2(a), or 2(b). The link 300 
corresponds to the network of FIG. 2(a), or 2(b) . The abstraction of FIG. 3 is useful because it 
shows that when a node, that is, a flow, wishes to transmit a packet of data over a network, that 
is, a link, the link is commonly shared among all the nodes or flows. Thus, a scheme must be 
put into place such that all the nodes do not attempt to send packets of data at the same time, else 
a collision may occur. As described in the background and summary sections, however, the 
scheme is desirably such that some definition of fairness is achieved as to dividing the 
bandwidth of the link over the various flows that wish to send data packets thereover. 
Method 

In this section of the detailed description, a method for distributed fair scheduling of 
packet transmission among nodes within a network, according to one embodiment of the 
invention, is described. The method described is distributed in that the method achieves fair 
scheduling and Quality of Service (QOS) without having a central management node, or other 
central managing mechanism, coordinating data transmission among the various nodes of the 
network. As described herein, the method is performed on each node of a network that desires 
to send packets, such as of data, over the network, as can be abstracted as a link, as described in 
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• ' In 406, the virtual clock is updated. It is noted that the virtual clock is updated only 

when a packet is transmitted from a node onto the link. Thus, if at time t, a packet is in service, 
then v, (/) is updated to 

v,(/) = max(v,(0,'S) 

« 

5 where s is the start tag of the packet in service. It is noted that the virtual clock is not updated at 
any other time in one embodiment. 

Once a node / desires to transmit the packet, then in 408, it determines an appropriate 
back-off interval, which is generally defmed as the length of time the node waits until actually 
transmitting the packet onto the link. This interval is denoted as 5,, and is based on the start tag 
10 and the current virtual time Vi(t) in one embodiment. Specifically, 

^.•= h*(5Nv,(0)] 
where the Backoff_Multiplier is a constant in one embodiment. 

It is noted that because of the manner in which the start tags and the virtual clock are 
determined, 5, is non-negative. However, if the start tag and the virtual clock are identical, Bi 
1 5 may become equal to zero. To avoid this, in one embodiment, Bi is further modified as 

B^^B^^X, 

where A" is uniformly distributed in [1, /?] where >0, the BackqffiWindow is a positive integer. 
This further reduces the probability of back-off intervals of two nodes counting down to zero at 
the same time. , In 408 as well the back-off counter is reset to zero after this step is performed,. 

20 The node then starts counting from the back-off interval to a predetemiined transmission 

time, such as zero, in 410; that is, the node does not actually send the packet until the 
predetermined transmission time is reached in 410, as counted down firom the back-off interval. 
Thus, in 412, the node has counted down from the back-off interval to the predetermined 
transmission time, and therefore transmits the packet over the network or link. At this time, the 

25 node also tags the packet with a finish tag, as determined as has been described. 

In 414, it listens to determine whether another node has sent a packet at exactly the same 
time, such that a collision resulted. If not, then the method is done in 416. It is noted that in this 
case, when another packet needs transmission via the method of FIG. 4, that the virtual clock 
will not be reset in 402, since it is only reset once. However, if a collision has resulted, then a 

30 new back-off interval (5,) must be determined, and the packet ultimately resent. Thus, the 

method goes back to 408. However, in this iteration of 408, the back-off counter is increased by 
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